1. Introduction {#sec0005}
===============

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) infection, named COVID-19 (coronavirus disease 2019), represents an epoch-making global healthcare crisis, with more than 696.000 deaths caused to date (August 6, 2020) worldwide \[[@bib0005]\].

Although COVID-19 may present as a multiorgan disease, the lung represents the most commonly affected target organ. Clinical manifestations may vary from flu-like symptoms, such as fever, dry cough, myalgia and fatigue, often coupled with hypo-/anosmia and ageusia \[[@bib0010], [@bib0015], [@bib0020]\], to more severe conditions with dyspnoea and respiratory impairment requiring admission to intensive care unit (ICU) and advanced respiratory assistance \[[@bib0025]\]. A severe course of the disease has been reported in 5--22 % of COVID-19 patients in published studies from various geographical areas \[[@bib0015],[@bib0025]\].

In this scenario of medical emergency, chest imaging assumes a pivotal role in the triage and management of patients with confirmed or suspected COVID-19 pneumonia.

In this comprehensive review, which arises from the experience gained at our large tertiary care hospital during the SARS-CoV-2 outbreak in Italy and the available literature, we aim to describe the role of chest X-ray (CXR) and high-resolution computed tomography (HRCT) in the assessment of COVID-19 patients and to report the most common imaging features of COVID-19 pneumonia with a descriptive correlation to the underlying pathogenesis. We also report the spectrum of lung abnormalities at follow-up imaging and discuss possible uncommon imaging findings, complications and differential diagnosis with a case- based approach to increase the diagnostic awareness of radiologists.

2. Diagnosis of COVID-19 pneumonia: the potential role of chest imaging {#sec0010}
=======================================================================

Chest imaging can provide rapid and valuable information in the diagnosis of COVID-19 pneumonia \[[@bib0030]\].

The reference standard for the diagnosis of COVID-19 infection is the identification of viral RNA by the real-time reverse transcriptase polymerase chain reaction essay (RT-PCR) of respiratory secretions obtained by nasopharyngeal and/or oropharyngeal swab or bronchoalveolar lavage (BAL). However, the sensitivity of this test ranges from 32 % to 71 %, depending on the stage and severity of the disease, specimen handling, and swab type \[[@bib0035], [@bib0040], [@bib0045]\]. For this reason, cases of patients with imaging findings suggestive of COVID-19 pneumonia and an initial false negative RT-PCR test have been reported \[[@bib0050]\]. A further concern about the RT-PCR test is the delay in the availability of results. Indeed, in our experience, most of the patients who presented to the emergency department with a suspicion of COVID-19 pneumonia underwent their first radiological exam before results of the swab test were known.

As suggested in the recently published WHO (World Health Organization) advice guide for the diagnosis and management of COVID-19, chest imaging should be used for diagnostic purpose in symptomatic patients if RT-PCR is not available or its results are delayed, or in case of negative result in the presence of a high clinical suspicion of COVID-19 \[[@bib0055]\].

CXR and CT are the imaging procedures generally performed in the diagnosis of COVID-19 pneumonia. In this clinical setting, CXR is of easy use and is usually performed in the antero-posterior (AP) projection and in the supine position, using mobile CXR units in a dedicated and isolated room to reduce the risk of infection spreading \[[@bib0030],[@bib0060]\]. Chest CT is performed with the high-resolution (HRCT) technique, using thin sections (\<1.5 mm) and high-spatial resolution kernel to enhance lung parenchymal anatomical details, usually without contrast medium injection. However, evidences suggest a predisposition to thrombotic and thromboembolic disease in these patients \[[@bib0065]\], with pulmonary embolism (PE) being a known epiphenomenon of COVID-19 syndrome \[[@bib0070]\]. Therefore, in the appropriate clinical setting, contrast medium injection is required to rule out PE.

The reported sensitivity of CXR for COVID-19 pneumonia is relatively low in the early phase of the disease and in mild cases and it is inferior to that of RT-PCR essay at baseline (69 % versus 91 %, respectively) \[[@bib0075]\]. The rate of negative CXR at baseline tends to decrease when the interval time between the onset of symptoms and the CXR increases. In a retrospective study of 240 symptomatic patients with COVID-19 infection confirmed by RT-PCR, the rate of negative CXR was 36.7 % at 0--2 days after the onset of symptoms and 16.1 % at \>9 days \[[@bib0080]\]. The diagnostic performance of CXR increases in clinical settings with high prevalence of disease as described by Schiaffino et al. in their experience based on *real-life* reporting without independent image review during COVID-19 outbreak in northern Italy \[[@bib0060]\]. CXR at admission to the emergency department showed a sensitivity of 89.0 % (95 % CI, 85.5 %--91.8 %) and a specificity of 60.6 % (95 % CI: 51.6 %--69.2 %) \[[@bib0060]\]. Therefore, bedside CXR -- performed in the isolated rooms -- can be efficiently used as first-line imaging modality in areas with high levels of contagion and high pre-test probability of disease, particularly in cases of shortage of RT-PCR essays or limited availability of dedicated CT scanners and/or difficulties in speeding up the CT room sanitization \[[@bib0060],[@bib0085],[@bib0090]\].

A high sensitivity of CT for diagnosis of COVID-19 pneumonia has been reported. In a recent meta-analysis of 6218 patients from 68 studies in and outside China, the pooled sensitivity of chest CT and RT-PCR were 94 % (95 % CI: 91--96 %) and 89 % (95 % CI: 81--94 %), respectively, for the diagnosis of COVID-19 pneumonia \[[@bib0095]\]. In another meta-analysis \[[@bib0100]\], a pooled sensitivity of 92 % (95 % CI: 86--96 %) was reported for CT in detecting COVID-19 among studies from different areas of China; the pooled sensitivity of CT was even higher (up to 99 %) in the region with more severe epidemic. Based on its high sensitivity, CT has been proposed as the primary diagnostic tool in epidemic areas, in order to early recognize suspicious cases and possibly limit the spread of infection. However, a more recent meta-analysis including 37 studies with 9610 patients underlined that the sensitivity of CT significantly decreases from 94 % to 75 % when studies with low risk of biases are included \[[@bib0105]\]. Furthermore, the possibility that CT can be normal within the first 3 days from the onset of symptoms (day 0--2) in up to 56 % of cases should be taken into consideration when assessing patients with suspected COVID-19 pneumonia \[[@bib0110]\]. CT can also detect abnormalities in asymptomatic patients, with a rate of 54 %, according to Inui S. et al. \[[@bib0115]\].

The reported specificity of CT is moderate to low; it was only 37 % (95 % CI: 26--50 %) in the meta- analysis by Kim et al. \[[@bib0095]\]. The same authors observed that in regions with a prevalence of disease \<10 %, the PPV of RT-PCR was more than ten times higher than that of CT, meaning that applying CT as a screening tool in these areas could potentially lead to a large number of false-positive results, with an unjustified increase in medical costs \[[@bib0095]\]. Due to the abovementioned limitations, some authors suggest considering CT as a supplemental diagnostic tool, especially in symptomatic patients \[[@bib0120]\].

Apart from recognizing COVID-19 pneumonia features, imaging - especially CT - may reveal possible alternative diagnoses (e.g. pulmonary oedema, alveolar haemorrhage, other type of lung infections) that justify patient's respiratory symptoms \[[@bib0125],[@bib0130]\]. The rule-out role of CT is also highlighted by the recent Fleischner Society consensus statement, particularly in patients manifesting with moderate-to-severe symptoms and a negative or ongoing RT-PCR test \[[@bib0030]\].

The WHO advice guide also underlined that the use of chest CT is particularly helpful in patients with known pre-existing pulmonary diseases \[[@bib0055]\].

In order to standardize the level of suspicion of COVID-19 pneumonia on CT scans, a categorical assessment scheme, the COVID-19 Reporting and Data System (CO-RADS) has been proposed, with levels ranging from very low (CO-RADS category 1) to very high suspicion (CO-RADS category 5), with a CO- RADS 6 category reserved for RT-PCR proven cases \[[@bib0135]\].

Imaging also plays a role in prognostic assessment and patient stratification in COVID-19 pneumonia. Some CXR scoring systems have been recently developed to answer these needs in the clinical practice with interesting results \[[@bib0140],[@bib0145]\]. In particular, higher disease scores at baseline have been associated to hospitalization, requirement for mechanical ventilation \[[@bib0140]\] and in-hospital mortality \[[@bib0150]\].

Similarly, categorization and quantification of HRCT abnormalities in COVID-19 pneumonia have been demonstrated to correlate with development of severe disease course \[[@bib0155],[@bib0160]\], ICU admission \[[@bib0165],[@bib0170]\], and in-hospital mortality \[[@bib0170]\]. Particularly, Colombi et al. \[[@bib0175]\] demonstrated that patients requiring ICU admission or deceased have higher parenchymal involvement (4 or more lobes) and show less aerated lung parenchyma on baseline HRCT compared to the other patients.

The importance of chest imaging to assess disease evolution is also unquestioned. In patients requiring hospitalization, CXR is essential in guiding clinical management, as the serial evaluation allows an adequate assessment of the evolution of findings, avoiding unnecessary radiation exposures. This is especially true in critically ill patients \[[@bib0180]\] ([Fig. 1](#fig0005){ref-type="fig"} ), or during regression of symptoms in favourable cases.Fig. 1Worsening evolution of COVID-19 pneumonia in a 63- year-old male with known cardiac disease (note the presence of a pacemaker). The first antero-posterior (AP) chest X-ray (CXR) (a) shows hazy opacities with a mid-basal and peripheral predominance on the right lung, without pleural effusion. Two days later, the AP CXR (b) depicts confluent and bilateral alveolar opacities with air bronchogram and quite diffuse distribution. CXR performed 9 days later in ICU (c) shows a further increase of bilateral alveolar opacities, especially in the mid-basal lungs. In the last CXR (d), a further radiographic worsening was evident, with development of bilateral \"whited lung". The patient deceased two days later due to ARDS.Fig. 1

For a late follow-up, HRCT is the modality of choice, particularly in assessing eventual persistent or fibrotic lung abnormalities. Lastly, imaging is essential in the early detection of complications, such as barotrauma, superimposed bacterial lung infections and empyema.

3. Common chest imaging findings in COVID-19 patients with pathogenesis correlation {#sec0015}
===================================================================================

Ground glass (GG) opacities, a *crazy paving* pattern characterized by GG opacities with superimposed septal thickening, and consolidations are common HRCT findings in patients with COVID-19 pneumonia \[[@bib0185]\] ([Fig. 2](#fig0010){ref-type="fig"} ). Incidence of these findings varies among different studied populations. In a recently published meta-analysis comprising 4410 patients, GG opacities, a combination of GG opacities and consolidations, and *crazy paving* have been reported in 50.2 %, 44.4 %, and 19.5 % of cases, respectively \[[@bib0190]\].Fig. 2Common findings of COVID-19 pneumonia in two different patients. In the first patient, the axial HRCT image (a) shows bilateral, dorsal, subpleural areas of *crazy paving*. In the second patient, the axial HRCT image (b) demonstrates patchy bilateral consolidations with subpleural and dorsal distribution, and lower lobes volume loss. Chest X-ray (CXR) (c) of the same case as in b nicely depicts the bilateral peripheral mid-basal distribution of the opacities.Fig. 2

The distribution of the above reported findings is usually bilateral and multilobar with a predominant involvement of subpleural/peripheral and posterior regions of the lungs \[[@bib0195]\]. Similar findings of GG, interstitial opacities and areas of consolidation with a peripheral and mid-basal distribution can be observed on CXR \[[@bib0075]\] ([Fig. 2](#fig0010){ref-type="fig"}).

These imaging findings are the expression of a condition of acute lung injury (ALI), the main pathological pattern of the pulmonary damage caused by SARS-CoV-2, that presents with a wide spectrum of histologic patterns ranging from diffuse alveolar damage (DAD) with hyaline membrane formation to organizing pneumonia (OP) \[[@bib0200], [@bib0205], [@bib0210]\]. The predominant pathogenic mechanism of ALI induced by SARS-CoV-2 infection and shared by other coronaviruses is the angiotensin-converting enzyme 2 (ACE2) downregulation \[[@bib0215],[@bib0220]\], which results in excessive inflammatory cytokine release ("*cytokine storm*") leading to apoptosis of epithelial and endothelial lung cells \[[@bib0225]\].

Direct infection of the endothelial cells and diffuse endotheliitis have been also described in several organs of COVID-19 patients, included the lungs, with subsequent oedema and parenchymal ischemia due to microvascular dysfunction \[[@bib0230]\]. Furthermore, a generalized microthrombotic injury, mediated by activation of complement pathways, has been observed within the lung microvasculature in pathologic specimens from patients deceased with severe COVID-19 pneumonia \[[@bib0235]\]. Based on these observations, microthrombosis and diffuse vascular lung injury might have a role in the pathogenesis of COVID-19 pneumonia, at least in severe and critically ill cases \[[@bib0235]\]. It has also been assumed that in some patients the parenchymal abnormalities seen at HRCT might be associated not only to inflammation or atelectasis, but also to ischemic and/or necrotic changes caused by perfusion defects \[[@bib0240],[@bib0245]\].

The evolution of DAD is characterized by three sequential phases \[[@bib0250]\]. The first phase, or *exudative phase*, consists of interstitial and alveolar oedema, haemorrhage, and hyaline membrane formation, with alveolar obliteration and thickening of the inter- and intralobular septa; it has a duration of approximately 7 days. The second phase, or *proliferative phase*, consists of fibroblast proliferation within the interstitium and the alveoli, with appearance of OP foci, parenchymal remodelling and formation of reversible traction bronchiectasis and bronchiolectasis. The last *fibrotic phase* is characterized by collagen deposition with progressive and variable degree of fibrotic changes and usually starts 2 weeks after the lung injury \[[@bib0250]\]; it is potentially reversible in mild to moderate cases.

Similarly, progressive temporal stages of HRCT findings can be recognized in patients with COVID-19 pneumonia. Pan et al. have described 4 stages from initial diagnosis until patient recovery; these include an *early stage*, between 0 and 4 days from the onset of symptoms, an intermediate *progressive stage* (5--8 days) and a *peak stage*, between 9 and 13 days \[[@bib0255]\]. Starting from 2 weeks after the onset of symptoms, a gradual progressive resolution of the HRCT findings can be observed (*absorption stage*) \[[@bib0255]\]. Wang et al. confirmed this evolution, even though in their experience the absorption phase was delayed, probably because patients with more severe disease were included in their study \[[@bib0260]\].

A roughly similar appearance of the lung abnormalities in the different phases of the disease is appreciable also on CXR, even though with the intrinsic limitations of this imaging modality.

The *early stage* is generally characterized by the presence of GG opacities, with the typical bilateral and multilobar distribution \[[@bib0195],[@bib0265]\]; consolidations are possible, but have been described only in a minority of patients. Enlargement (greater than 3 mm in diameter) of subsegmental pulmonary vessels within the areas of GG has also been described in the early phase of COVID-19 pneumonia in up to 89 % of cases \[[@bib0050],[@bib0185],[@bib0270],[@bib0275]\].

The aetiology of this sign is not well defined yet, although it could be related to hyperaemia and vessel wall damage induced by pro-inflammatory factors \[[@bib0270]\] or small vessel thrombosis. Some authors have indicated that this sign might be helpful in the differential diagnosis between COVID-19 and other viral pneumonia, even though it has been described in 22 % of patients with other viral non−COVID-19 pneumonia \[[@bib0280]\]. With progressive replacement of GG opacities by consolidation, the caliber of the subsegmental pulmonary vessel returns normal. It is worth noting that maximum intensity projection (MIP) reconstructions usually enhance and facilitate the identification of this sign and its evolution over time ([Fig. 3](#fig0015){ref-type="fig"} ).Fig. 3Axial HRCT image (a) and maximum intensity projection (MIP) (b) in the *early phase* of COVID-19 pneumonia show enlargement (\>3 mm) of a segmental pulmonary artery within the GG area in the apico- posterior segment of the left upper lobe (arrowhead in a and in b). Axial HRCT MIP image (c), performed 10 days later, shows a normal caliber of the same vessel at the same anatomical level (arrowhead in c). Note the consensual shrinkage of the focal GG area.Fig. 3

The *progressive stage* of COVID-19 pneumonia is characterized by a more extensive lung involvement and more varied imaging features \[[@bib0255],[@bib0265]\]. GG opacities increase in density and can appear diffuse or with a *crazy paving* pattern on HRCT. Consolidations can progressively develop in the areas of GG or increase in size and number respect to previous HRCT scans \[[@bib0265]\]. Usually, in this phase, consolidations show patchy subpleural and peribronchovascolar distribution, which is the common appearance of the OP pattern \[[@bib0285]\] associated with the proliferative phase of DAD \[[@bib0200],[@bib0290]\]. Similar changes are detectable also on CXR, confirming its role in identifying the temporal evolution of COVID-19 pneumonia till the improvement ([Fig. 4](#fig0020){ref-type="fig"}, [Fig. 5](#fig0025){ref-type="fig"} ).Fig. 4Temporal evolution of COVID-19 pneumonia on HRCT. Axial (a) and coronal (b) HRCT images show bilateral GG opacities with a predominant peripheral distribution, located in the mid-upper lungs (*early phase* disease). Axial (c) and coronal (d) HRCT performed 9 days later demonstrate the typical evolution in the *progressive phase*, with extensive consolidations in the same areas previously involved by GG opacities. Note the overall mild lung volume reduction in d.Fig. 4Fig. 5Temporal evolution of COVID-19 pneumonia on chest X-ray (CXR) in the same patient as in [Fig. 4](#fig0020){ref-type="fig"}. The first AP CXR (a) performed to admission in the emergency room shows ill-defined hazy opacities in the peripheral regions of both lung, especially in the left mid-zone and in the right lung base. Images (b) and (c), performed 4 and 7 days later, respectively, demonstrate a progressive increase of the opacities in terms of extension and density with progressive lung volume reduction in c. Patient experienced a clinical and radiological improvement two weeks later with reduction of lung opacities (d).Fig. 5

The maximum disease burden is usually observed 10 days after the onset of symptoms (*peak* or *severe stage*). At this stage other well-known HRCT findings, such as *reversed halo sign*, *band-like opacities* and perilobular opacities appear \[[@bib0295]\]. Traction bronchiectasis and bronchiolectasis might be visible in this phase as ancillary findings within the consolidations, due to parenchymal remodelling ([Fig. 6](#fig0030){ref-type="fig"} ).Fig. 6Axial HRCT image (a) depicts traction bronchiectasis (arrowheads) within the peripheral area of consolidation in the left lower lobe, in a case of COVID-19 pneumonia in the *progressive phase*. The axial HRCT mIP (minimum intensity projection) image (b) enhances the visibility of traction bronchiectasis and bronchiolectasis within the same area (arrowhead).Fig. 6

In patients developing acute respiratory distress syndrome (ARDS), COVID-19 pneumonia has an unfavourable prognosis \[[@bib0265],[@bib0300]\]. In these patients, ARDS shows an atypical dissociation between the relatively low impairment of the lung mechanics and the severe hypoxemia \[[@bib0305]\], probably due to the concomitant microvascular injury that characterizes COVID-19 \[[@bib0235]\].

The *absorption stage* is characterized by a progressive clearance of the lungs over time. This stage may have quite long temporal course, with GG opacities, linear scarring and mild residual consolidations, still evident on HRCT after 4 weeks from the onset of symptoms \[[@bib0255]\] ([Fig. 7](#fig0035){ref-type="fig"} ). In this phase, a decrease in density of the opacities associated with a more extensive involvement of the lung has been described (the so called "*tinted*" *sign*), possibly due to the gradual resolution of the inflammation and progressive alveolar re-expansion \[[@bib0310]\] ([Fig. 7](#fig0035){ref-type="fig"}). Traction bronchiectasis and bronchiolectasis tend to disappear with complete resolution of the opacities.Fig. 7Progressive (a, c) and absorption stages (b, d) on HRCT of two different patients with COVID-19 pneumonia. In the first patient, the axial HRCT image in the progressive stage (a) demonstrates areas of consolidation with mild parenchymal retraction and traction bronchiectasis (arrowhead). The axial HRCT performed 12 days later (b) shows bilateral GG opacities which are more extended than the previously detected consolidation ("*tinted" sign*). Traction bronchiectasis within the GG opacities are still present (arrowheads). These findings should always be interpreted, looking at the previous scans, as normal evolution towards the resolution of abnormalities and not as persistent or worsening disease after a complete clinical recovery. In the second patient, the axial HRCT image in the progressive stage (c) depicts consolidations, mild GG opacities and perilobular opacities (arrow), more extensive in the right lung. The axial HRCT performed 16 days later (d) demonstrates almost complete resolution of the findings, with some residual faint ill-defined GG areas and linear opacities.Fig. 7

The time required for the complete clearance of lung abnormalities may reflect the severity and the extent of lung involvement. A prompt treatment of COVID-19 pneumonia has been correlated with a more rapid clearance of the HRCT findings \[[@bib0315]\]. However, it must be pointed out that lung abnormalities can be seen on HRCT even in presence of complete clinical recovery and negative RT-PCR swab test \[[@bib0320]\] ([Fig. 7](#fig0035){ref-type="fig"}).

Due to the young history of this outbreak, data about the morphological characteristics and potential long-term lung abnormalities in survivors from clinically significant COVID-19 disease are lacking \[[@bib0325]\]. However, the evolution of DAD, particularly in patients who recovered after full-blown ARDS \[[@bib0330]\], may lead to lung fibrosis \[[@bib0285]\], which has been demonstrated on COVID-19 pneumonia pathological specimens \[[@bib0335]\]. Therefore, a clinical and radiological follow-up might be required in order to identify and monitor potentially progressive lung fibrotic changes with the typical HRCT findings of irregular interstitial thickening, traction bronchiectasis/ bronchiolectasis, coarse reticulation, and parenchymal bands \[[@bib0340]\]. The duration and timing of follow-up with CT scans have not been defined yet.

4. Uncommon chest imaging findings and atypical presentations in COVID-19 patients {#sec0020}
==================================================================================

Although the majority of patients present with common findings and typical manifestations of COVID-19 pneumonia, uncommon features and atypical presentations are possible and can potentially represent a diagnostic challenge \[[@bib0090]\].

Variable rates of possible uncommon findings in different patient populations have been reported. In this section, the results of recent systematic reviews and meta-analyses are presented \[[@bib0185], [@bib0190], [@bib0195]\].

When considering the distribution of parenchymal abnormalities, unilateral lesions can be observed, especially immediately after the onset of symptoms or in pauci/asymptomatic patients \[[@bib0180],[@bib0345]\] and has been described in 18.7 % of cases in a meta-analysis of 34 studies including 4121 patients \[[@bib0195]\]. In the same meta- analysis, involvement of a single lobe and predominant involvement of the anterior lung zone with relative sparing of the posterior ones have been reported in 14.9 % and 20.5 % of cases, respectively \[[@bib0195]\]. A peribronchovascular distribution of lung abnormalities has been found in only 3.6 % of 3466 patients among 28 studies \[[@bib0185]\].

When considering the lesion shape, a multifocal nodular appearance, usually with irregular margins or surrounded by peripheral GG, has been documented in 7.8 % in a meta-analysis of 45 studies including 4410 patients \[[@bib0190]\].

Enlargement of mediastinal lymph nodes has been reported in 5.1--5.4 % of cases \[[@bib0185], [@bib0190], [@bib0195]\] in patients with severe disease and extensive bilateral consolidative changes. The presence of lymph node enlargement has been associated with disease severity and poor prognosis. Indeed, lymphadenopathies have been observed in a significantly higher number of patients (27 %) with unfavorable course of disease during hospitalization than in those discharged (14 %), according to a single center study on a cohort of 410 patients \[[@bib0350]\].

Among the uncommon findings, the occurrence of pleural effusion has been found in about 5% of cases \[[@bib0185], [@bib0190], [@bib0195]\], while pleural thickening adjacent to the parenchymal opacities is far more common \[[@bib0190]\]. Pericardial effusion has also been rarely reported, with a pooled prevalence between 2.7 % and 3.6 % \[[@bib0185],[@bib0190]\]. It is worth of note that the presence of pleural and/or pericardial effusion has been related with severe clinical course and poor prognosis of COVID-19 pneumonia \[[@bib0355]\].

Another uncommon HRCT feature related to severe disease \[[@bib0355]\] is the evidence of bronchial wall thickening within the lung opacities, described in 14.5 % of cases \[[@bib0190]\], and possibly related to inflammatory bronchial wall damage and peribronchovascular interstitial oedema. HRCT findings associated with small airways disease, such as endobronchial secretions and tree-in-bud opacities, have been described in a relatively small percentage of cases (4.1 %) \[[@bib0185]\].

Cavitation is the least common finding of COVID-19 pneumonia, with a reported pooled prevalence of only 0.1 % \[[@bib0190]\].

Apart from the uncommon findings associated with COVID-19 pneumonia, it should be noted that pre-existing underlying pulmonary diseases, such as fibrosis and emphysema, may lead to atypical HRCT presentations of COVID-19 pneumonia \[[@bib0090]\]. In case of honeycombing or paraseptal emphysema, the typical subpleural distribution may be absent ([Fig. 8](#fig0040){ref-type="fig"} ). The occurrence of GG opacities or consolidations superimposed on extensive background emphysema may lead to a "*bubble-like"* appearance, which could be misinterpreted as lung cysts or cavitation and lead to erroneous ruling-out of COVID- 19.Fig. 8Axial HRCT images (a, b) in two different patients with uncommon findings of COVID-19 pneumonia due to emphysema. In a, an uncommon unilateral GG and consolidation with subpleural sparing due to paraseptal emphysema is nicely depicted. In b, mixed GG and consolidation areas, containing apparent cystic-like changes due to centrilobular emphysema, are evident predominantly in the right lung. Axial (c) and coronal (d) HRCT images of a 77-year-old male with COVID-19 pneumonia showing bilateral subpleural and peribronchovascular consolidations with mild GG. A 3- cm, subpleural, pseudonodular, part-solid lesion with cystic-like airspaces, irregular margins, and pleural retraction is detected in the posterior segment of the right upper lobe (arrowheads); a lung adenocarcinoma was suspected on the basis of morphological features and confirmed at biopsy.Fig. 8

On the other hand, in case of typical findings of COVID-19 pneumonia, detection of cystic changes within a focal peripheral GG or consolidation area on HRCT should raise the possibility of a concurrent lung adenocarcinoma, especially if other *red flags* (e.g. spiculated margins, pleural retraction) associated with malignancies are evident ([Fig. 8](#fig0040){ref-type="fig"}).

5. Complications {#sec0025}
================

Severely ill patients are more prone to develop complications. Pneumothorax is one of these, reported in 1% of cases according to Chen et al. \[[@bib0360]\] and usually occurring in case of rupture of subpleural bullae \[[@bib0365]\]. In the clinical context of COVID-19, pneumothorax may be spontaneous, with prolonged cough and respiratory distress as known risk factors, or due to barotrauma in patients requiring mechanical ventilation. Pneumomediastinum may also occur as a consequence of increased intrathoracic pressure with rupture of the alveoli, followed by air dissection through the bronchovascular bundles into the mediastinum (Macklin's effect) \[[@bib0370]\]. Subcutaneous emphysema may also be associated. Such complications must be suspected in case of sudden clinical deterioration with rapid oxygen desaturation ([Fig. 9](#fig0045){ref-type="fig"} ). McGuinness et al. reported an incidence of barotrauma of 15 % among COVID-19 patients requiring invasive mechanical ventilation, an incidence that was higher than the overall rate of 10 % noted in their retrospective cohort of ARDS cases \[[@bib0375]\].Fig. 9Complications in two patients with severe COVID-19 pneumonia. In the first patient, axial HRCT image (a) demonstrates marked spontaneous pneumomediastinum and chest wall subcutaneous emphysema, associated with left pneumothorax. One week before, due to worsening dyspnoea, the patient had undergone CT scan with contrast medium injection to rule out pulmonary embolism (PE). Axial CT image (b) demonstrates a filling defect in the distal tract of the interlobar artery (arrowhead) due to acute PE. Note the shrinkage of the bilateral subpleural consolidations in the later CT scan (a).In the second patient, axial HRCT images (c, d) show focal consolidations with cavitation in the right upper lobe and some small consolidations in the left lung, superimposed on diffuse GG and septal thickening. A bacterial superinfection on COVID-19 pneumonia was suspected and the bronchoalveolar lavage confirmed a *Pseudomonas aeruginosa* infection.Fig. 9

The occurrence of PE has been frequently demonstrated in patients affected by COVID-19, particularly in those with more severe symptoms, and it has been considered as a part of the disease rather than a true complication \[[@bib0065]\] ([Fig. 9](#fig0045){ref-type="fig"}), with an incidence of 21--30 % according to different series \[[@bib0070],[@bib0380], [@bib0385], [@bib0390], [@bib0395]\]. Based on the above, it might be potentially reasonable to perform CT scans with contrast administration in all confirmed cases of COVID-19 to assess pulmonary vessels and detect eventual arterial filling defects and lung perfusion defects on iodine map, if using a dual-source CT scanner in dual-energy mode \[[@bib0400]\]. However, in the clinical practice, the current trend is to perform CT pulmonary angiogram in cases of suspected PE due to clinical worsening, not explained by an increase of parenchymal disease burden at imaging.

Other possible complications are bacterial infections, which should be suspected in case of appearance of multiple centrilobular nodules with or without tree-in-bud opacities, and eventual cavitation within areas of consolidation superimposed to COVID-19 pneumonia lung abnormalities ([Fig. 9](#fig0045){ref-type="fig"}).

6. Differential diagnosis of chest imaging findings in patients being assessed for COVID-19 pneumonia {#sec0030}
=====================================================================================================

Although in the context of the current pandemic the imaging findings described in the previous sections of this review can be indicative of COVID-19 pneumonia in areas with high prevalence of the disease, they lack in specificity and a number of disease processes both infectious and non-infectious should be considered in the differential diagnosis, as Parekh et al. have described in their recently published comprehensive review \[[@bib0405]\].

In our experience at a large tertiary metropolitan hospital in Rome during the outbreak in Italy, 1443 patients with symptoms suggestive of COVID-19 pneumonia were admitted to the emergency department between March 7 and April 27, 2020. Among them, 301 presented imaging findings indeterminate for COVID-19 or suggestive of an alternative diagnosis at the baseline CXR and underwent chest CT scanning; these patients also presented with two consecutive RT-PCR tests negative for SARS-CoV-2. In a retrospective evaluation of the final diagnosis, infectious diseases were present in 65.1 % of our patients (196/301), with the majority caused by bacteria (56.6 %), followed by indeterminate community-acquired pneumonia (CAP) (30.1 %), viruses (7.7 %) and atypical pathogens (5.6 %). Among the remaining 105 patients with non-infectious diseases, pulmonary oedema was observed in 57 (54.2 %), followed by thoracic neoplasms (20.9 %) (progression and/or first diagnosis of primary lung cancer; metastases due to extrathoracic neoplasms), acute exacerbation of ILD (interstitial lung disease) (9.5 %), aspiration (7.6 %), ascertained drug toxicity (3.8 %), alveolar proteinosis (1.9 %), lipoid pneumonia (0.9 %) and diffuse alveolar haemorrhage (0.9 %).

The most relevant CXR and HCRT findings of possible differential diagnosis among infectious and non-infectious diseases at the time of the outbreak of COVID-19 are summarized in the [Table 1](#tbl0005){ref-type="table"} .Table 1Predominant imaging findings of possible differential diagnosis with COVID-19 pneumonia occurring during outbreak.Table 1**DiagnosisImaging findingsDistributionCXRHRCT**InfectiousBacterial pneumoniaLobar patternlobar or nonsegmental,\
predominantly unilateral- opacity\
- usually confined by fissure\
- air bronchogram common\
- cavitation possible\
- preserved lung volume- consolidations\
- usually confined by fissure\
- air bronchogram common\
- cavitation possible\
- preserved lung volumeBronchopneumonia patternpatchy/multifocal,\
uni- or bilateral- nodules\
- confluent opacities\
- air bronchogram absent- centrilobular nodules\
- tree-in-bud pattern\
- small peribronchial consolidations\
- lobular GG opacities\
- air bronchogram absent\
- bronchial wall thickening\
- mucoid impactionInterstitial pneumonia\
patternpatchy/multifocal, subpleural and peribronchovascular,\
uni- or bilateral- peribronchial thickening\
- interstitial opacities\
- interstitial-alveolar opacities- GG opacities\
- consolidations\
- *crazy paving*\
- centrilobular nodules\
- thickening of peribronchovascular interstitiumViral pneumoniaNodular/ micronodular patternmultifocal,\
bilateral- nodular opacities- well- or ill-defined nodules\
- *halo sign*\
- +/- GG opacitiesBronchiolar patternpatchy/multifocal,\
peribronchovascular\
uni- or bilateral- nodules\
- confluent opacities\
- air bronchogram absent- centrilobular nodules\
- tree-in-bud pattern\
- small consolidations\
- air bronchogram absent\
- +/- GG opacities\
- bronchial wall thickeningInterstitial\
patternpatchy/multifocal, subpleural and peribronchovascular, bilateral- interstitial opacities\
- reticolonodular opacities\
- interstitial-alveolar opacities- GG opacities\
- consolidations\
- interlobular septal thickening\
- *crazy paving*\
- perilobular opacities\
- nodules possibleNon-infectiousCardiogenic pulmonary edemamid-basal lung predominance,\
peribronchovascular/ diffuse,\
bilateral- blurring of the vessels\
- proximal vessel prominence\
- peribronchial cuffing\
- Kerley lines\
- bilateral pleural effusion- GG opacities\
- smooth thickening of the interlobular septa\
- thickening of peribronchovascular interstitium\
- enlargement of pulmonary vessels\
- pleural effusion\
- mediastinal lymph node enlargementAcute exacerbation of fibrotic interstitial pneumoniamultifocal/diffuse,\
bilateral- alveolar opacities\
- reticular opacities (due to underlying fibrosis)\
- reduced lung volume- new GG opacities in non-fibrotic areas\
- fibrotic abnormalitiesDrug-toxicitypatchy/diffuse/multifocal,\
subpleural/peribronchovascular,\
bilateral- interstitial opacities\
- alveolar opacities- GG opacities\
- consolidations\
- perilobular opacities\
- +/- fibrotic abnormalitiesAspirationdecumbent lung zones,\
patchy/multifocal,\
uni- or bilateral- ill-defined alveolar opacities\
- segmental and lobar opacities- consolidations\
- GG opacities\
- centrilobular nodules\
- tree-in-bud pattern\
- endobronchial material\
- abscess/cavitation/ effusion/empyema possible\
- +/- pulmonary ossificationExogenous lipoid pneumoniamid-basal lung predominance,\
patchy/multifocal, peribronchovascular- interstitial-alveolar and/or alveolar opacities\
- mass-like opacities- centrilobular GG opacities\
- consolidations\
- smooth septal thickening\
- *crazy paving*\
- fat-containing massesDiffuse alveolar haemorrhagemid lung predominance,\
diffuse/peribronchovascular,\
bilateral- alveolar opacities- GG opacities\
- smooth septal thickening\
- *crazy paving*\
- ill-defined centrilobular nodules\
- +/- consolidations[^1]

Lower respiratory tract infections and CAP represent the most likely diagnosis in patients with fever, cough and dyspnoea, which are also common symptoms of COVID-19 pneumonia. Bacteria and viruses are the usual causative agents of CAP, even if a definite microorganism is identified in only 30 %--65 % of cases \[[@bib0410], [@bib0415], [@bib0420]\].

*Bacterial pneumonia* shows three possible patterns at imaging: lobar pneumonia, bronchopneumonia and interstitial pneumonia \[[@bib0425]\].

When a *lobar pneumonia pattern* is identified, the diagnosis is relatively simple and COVID-19 pneumonia can be reasonably excluded on the basis of radiological findings. Lobar pneumonia is characterized by a homogeneous lobar or nonsegmental opacity or consolidation, with or without air bronchogram, involving predominantly or exclusively one lobe. The abnormality is commonly confined by the fissure and the lung volume is preserved ([Fig. 10](#fig0050){ref-type="fig"} ). *Streptococcus pneumoniae*, *Legionella pneumophila* and *Mycoplasma pneumoniae* are the most common bacteria responsible of a lobar pneumonia \[[@bib0425]\]. Associated findings and/or complications include parapneumonic pleural effusion, empyema, cavitation, and lung abscess formation \[[@bib0425],[@bib0430]\]. The unilobar distribution and the presence of associated findings are helpful in differentiating a bacterial pneumonia from COVID-19.Fig. 1050-year-old male complaining of fever, chills and cough for 5 days. Chest X-ray (a) demonstrated a peripheral homogeneous opacity in the left upper lobe, suggestive of pneumonia with a sublobar nonsegmental appearance. Multiple RT-PCR tests resulted negative for SARS-CoV-2. Axial (b) and coronal (c) HRCT images confirm a peripheral sublobar nonsegmental consolidation with air bronchogram and mild adjacent GG in the left upper lobe. Microbiological tests were positive for *Streptococcus pneumoniae*.Fig. 10

In case of a *bronchopneumonia pattern,* the causative agent leads to bronchial epithelium inflammation, with ulcerations and ﬁbrinopurulent exudate formation and spreading through the airways' walls and adjacent pulmonary lobules \[[@bib0425]\]. CXR shows multifocal patchy nodules and confluent opacities without air bronchogram. Characteristic HRCT findings are patchy nodules with centrilobular distribution and tree-in-bud appearance, confluent peribronchial focal consolidation without air bronchogram and lobular GG areas, associated with bronchial wall thickening and mucoid impaction. These features, commonly associated with *Staphylococcus aureus* and gram-negative bacteria (*Pseudomonas*a*eruginosa*, *Klebsiella pneumoniae*, *Haemophilus influenzae*) pneumonias, are highly suggestive of aerogenous spread of infection \[[@bib0425],[@bib0430]\]. This behaviour is in contrast to COVID-19 pneumonia, which shows a prevalent subpleural distribution of findings, absence of tree- in-bud opacities and it is rarely associated with airways involvement.

Lastly, an *interstitial pneumonia pattern* can be caused by *Mycoplasma pneumoniae* and other atypical agents, which determine direct damage of the bronchioles mucosa and subsequent inflammation and oedema of the peribronchial interstitium and interlobular septa. CXR shows peribronchial thickening and bilateral interstitial and/or interstitial-alveolar opacities \[[@bib0425]\] that may mimic COVID-19 pneumonia. HRCT shows patchy lobular GG opacities and/or consolidation, centrilobular nodules, and thickening of the peribronchovascular interstitium. Single lobe involvement, the presence of centrilobular nodules and thickening of the peribronchovascular bundles are common findings in patients with Mycoplasma pneumonia and might help in the differential diagnosis with COVID-19 pneumonia \[[@bib0425]\] ([Fig. 11](#fig0055){ref-type="fig"} ).Fig. 11Axial HRCT images (a, b) in two different patients with a diagnosis of Mycoplasma pneumonia (a) and COVID-19 pneumonia (b), respectively. In a, patchy lobular and partially confluent consolidations and GG opacities, associated with centrilobular nodules and thickening of the peribronchovascular interstitium, are evident in the lower lobes. These findings allowed a confident differential diagnosis with COVID-19 pneumonia, shown in b, characterized by mixed GG and consolidations areas with a predominant peripheral/subpleural distribution in both lungs.Fig. 11

A wide range of respiratory viruses is responsible for the development of pneumonia \[[@bib0435]\]. Depending on the pathogenesis of the infection and on the causative agent, *viral pneumonia* can show different imaging patterns \[[@bib0435]\]. For this reason, despite a certain degree of overlap, the awareness of the underlined pathogenic mechanisms is crucial to understand imaging findings and to address differential diagnosis when possible.

Three main different imaging patterns have been associated with viral infections: nodular/micronodular pattern, bronchiolar pattern and interstitial pattern \[[@bib0435]\].

The *nodular/micronodular pattern* is characterized by bilateral scattered multifocal nodules with well- or ill-defined margins and possible GG appearance, and it is usually determined by haematogenous viral spread to the alveoli, such as in Varicella-Zoster virus (VZV) pneumonia. The *bronchiolar pattern* shows an airway-centred distribution, with centrilobular nodules, tree-in-bud opacities and bronchial wall thickening, with or without peribronchovascular GG opacities and small consolidations, not dissimilar from bacterial bronchopneumonia. This pattern is due to destruction of bronchial and alveolar wall, determining small airway obstruction. It is typical of Respiratory Syncytial virus (RSV) and Human Metapneumovirus (HMPV) infections ([Fig. 12](#fig0060){ref-type="fig"} ); it can be also observed in Adenovirus pneumonia \[[@bib0435]\]. The *interstitial pattern* of viral pneumonia is characterized by multifocal GG opacities, interlobular septal thickening and consolidations, expression of the development of ALI with DAD \[[@bib0435]\]. This is the common imaging presentation of COVID-19 pneumonia, as discussed above ([Fig. 2](#fig0010){ref-type="fig"}); however, the interstitial pattern has been also associated with other coronavirus infections, such as severe acute respiratory syndrome coronavirus (SARS-CoV-1) and Middle East respiratory syndrome coronavirus (MERS-CoV) \[[@bib0440],[@bib0445]\]. SARS-CoV-2 infection is characterized by peripheral lung involvement and GG opacities more commonly than SARS-CoV-1 and MERS-CoV pneumonia, in which consolidations were prevalent \[[@bib0450]\]. Also, differently from COVID-19, SARS showed unifocal distribution in 54.6 % cases as initial presentation \[[@bib0455]\], remaining confined to a single lung in approximately one-quarter of patients \[[@bib0455],[@bib0460]\]. On the other hand, when compared to COVID-19 pneumonia, a progressively extension from the lower lobe periphery into upper and perihilar lung zones was shown in MERS \[[@bib0460]\], together with a significantly higher prevalence of pleural effusion (33 %) \[[@bib0465]\].Fig. 1272-year-old male complaining of fever and dry cough. Chest X-ray (a) shows multiple confluent nodules and opacities in the mid-upper right lung, findings unlikely related to COVID-19 pneumonia. Axial (b) and coronal (c) HRCT images confirm the presence of multiple confluent centrilobular GG nodules and lobular areas in the right upper lobe and in the apical segment of the right lower lobe, suggestive of a bronchopneumonia pattern of infection, not related to COVID-19 pneumonia. Test was negative for SARS-CoV-2, while a diagnosis of Metapneumovirus pneumonitis was made.Fig. 12

Nevertheless, due to the shared pattern of lung damage, the differential diagnosis between COVID-19 and other interstitial viral infections is challenging \[[@bib0435]\]. In one study, a high specificity in correctly differentiating CT features of COVID-19 from other viral infections was reached, with peripheral distribution of the abnormalities, GG appearance and vessel enlargement as clue findings for differential \[[@bib0280]\]. However, due to some selection biases (e.g. low number of influenza-A cases), small cohort size and different reader's level of experience on reporting COVID- 19 cases, the observed results can be somewhat misleading \[[@bib0470]\].

Influenza pneumonia can cause bilateral reticulonodular opacities, usually with lower lobes predominance on CXR, and bilateral patchy GG opacities and consolidation, with ill-defined small nodules on HRCT \[[@bib0435]\], which can be difficult to differentiate from COVID-19 pneumonia. This is particularly true during the organizing phase of the disease when an OP pattern, commonly observed also in H1N1 influenza pneumonia, occurs \[[@bib0435],[@bib0475]\]. Compared to COVID- 19, influenza demonstrates higher lower lobe predominance, with more frequent subpleural and peribronchovascular distribution of the abnormalities. Furthermore the presence of clustered and ill-defined lesions, nodules and bronchial wall thickening is more common in influenza pneumonia than in COVID-19 \[[@bib0480],[@bib0485]\].

Among *non-infectious diseases* to be considered in the differential diagnosis with COVID-19 pneumonia, heart failure with *cardiogenic pulmonary oedema* is one of the most important causes of acute respiratory symptoms, especially among the elderly. On CXR, particularly in the AP projection, a differentiation between the abnormalities caused by COVID-19 and signs of pulmonary oedema may not be as easy as expected. In general, blurring of the vessels, proximal pulmonary vessel enlargement, peribronchial cuffing, evidence of bilateral Kerley lines, peribronchovascular thickening, middle-lower distribution of the opacities, and bilateral pleural effusion are typical findings that can allow a confident diagnosis of pulmonary oedema, when associated with the adequate clinical context \[[@bib0490]\]. This is especially true in patients with history of cardiac disease or in presence of cardiac devices as pacemaker ([Fig. 13](#fig0065){ref-type="fig"} ).Fig. 1383-year-old male with history of acute coronary syndrome, complaining of severe dyspnoea and cough. The AP chest X-ray (CXR) at admission shows interstitial- alveolar opacities, with peribronchovascular and mid- basal distribution, associated with peribronchial cuffing, vessel blurring, prominence of the proximal pulmonary vessels and mild bilateral pleural effusion (a). A cardiogenic pulmonary oedema was suspected. Swab tests for COVID-19 were negative while high level of NT-proBNP (N-terminal-pro-B-type natriuretic peptide) was detected. Echocardiography showed reduced ejection fraction (35 %). The CXR performed after 5 days of treatment with diuretics demonstrates complete resolution of the pulmonary findings (b).Fig. 13

On HRCT the differential diagnosis from COVID-19 is straightforward, with evidence of enlargement of the pulmonary veins, GG opacities and smooth thickening of the interlobular septa and peribronchovascular bundles, mostly with a central distribution in dependent areas, associated with pleural effusion and mediastinal lymph node enlargement \[[@bib0490],[@bib0495]\].

In patients with *fibrotic interstitial pneumonia*, such as those affected by idiopathic pulmonary fibrosis (IPF), nonspecific interstitial pneumonia (NSIP) and chronic hypersensitivity pneumonitis (CHP), the onset of an *acute exacerbation* can mimic symptoms of COVID-19 pneumonia. Acute exacerbation is defined as clinical worsening of dyspnoea over the last 30 days, which can occasionally manifest with fever and flu-like symptoms \[[@bib0500]\], and is considered expression of ALI. In this context, HRCT is the modality of choice. The hallmarks are the newly appearance of bilateral GG opacities and/or consolidation occurring in the non-fibrotic areas of the lungs -- usually with a multifocal or diffuse distribution -- and the exclusion of alternative aetiologies, such as PE and infection, especially viral pneumonia \[[@bib0505],[@bib0510]\]. Comparison with previous examinations is particularly helpful in interpreting such cases ([Fig. 14](#fig0070){ref-type="fig"} ).Fig. 1470-year-old male affected by connective tissue disease-interstitial lung disease (CTD-ILD), admitted to the emergency department with worsening dyspnoea over the last two weeks; the patient presented with diffuse bilateral *velcro*- *like* crackles. The HRCT scan was performed with contrast administration to rule out PE. Axial (a) and coronal (b) HRCT images show bilateral diffuse GG opacities, more evident within the left lung, in areas not extensively involved by fibrotic changes. Comparison with the HRCT exam performed one year earlier (c, d) demonstrates the new onset of diffuse GG opacities. COVID-19 swab resulted negative and a diagnosis of acute exacerbation of pulmonary fibrosis was made.Fig. 14

*Drug toxicity* is a frequent cause of lung disease \[[@bib0515]\]. Imaging features are various, reflecting different underlying histopathology aspects. The OP pattern is a frequent manifestation of drug reaction on HRCT \[[@bib0515]\] and may mimic COVID-19 pneumonia in the progressive phase. The typical presentation of OP include bilateral, multiple, patchy consolidations with peripheral and peribronchovascular distribution and a lower lobe predominance, associated to perilobular opacities and/or *reversed halo sign* \[[@bib0285]\]. In this context, clinical data, pharmacological history and time elapsed between the start of treatment and the occurrence of symptoms are fundamental for the differential diagnosis. The NSIP pattern is another possible manifestation of drug reaction on HRCT \[[@bib0515]\] and is usually characterized by diffuse GG opacities with superimposed reticulation and mild-to-severe traction bronchiectasis/bronchiolectasis, with a predominant bilateral lower lobe distribution \[[@bib0520]\], less likely to resemble COVID-19 pneumonia.

*Aspiration* with inhalation of oropharyngeal or gastric contents into the laryngeal or lower respiratory tract is probably an under-recognized cause of CAP and lung injury \[[@bib0525]\]. The risk of aspiration is increased in patients with reduced level of consciousness, abnormal cough reflex, oropharyngeal dismotility, and gastroesophageal reflux disease (GERD). The onset of symptoms can be acute or subacute, mainly depending on the aspirated content and volume \[[@bib0525],[@bib0530]\]. Especially in recumbent patients, the zonal distribution can mimic that of COVID-19 pneumonia, with involvement of the posterior segments of the upper lobes and the superior and basal-posterior segments of the lower lobes. Either unilateral or bilateral lung involvement is possible \[[@bib0525],[@bib0535]\]. CXR can show central ill-defined alveolar opacities or segmental and lobar opacities, whereas HRCT demonstrates consolidation in decumbent areas and multifocal patchy GG opacities, mainly with peribronchovascular distribution \[[@bib0525],[@bib0535]\], associated with centrilobular nodules and/or tree-in-bud pattern \[[@bib0525]\] ([Fig. 15](#fig0075){ref-type="fig"} ). Despite similarities with COVID-19 pneumonia, the evidence of aspirated material filling the airways as well as the presence of centrilobular nodules and/or tree-in-bud pattern are relevant clues for the differential diagnosis \[[@bib0525]\]. Other possible ancillary findings that may help in ruling-out COVID-19 pneumonia are abscess, cavitation, parapneumonic effusion and empyema, or the presence of pulmonary ossification in a dendriform or nodular pattern (expression of underlying chronic aspiration) \[[@bib0525]\].Fig. 15HRCT images in two different patients with a diagnosis of aspiration pneumonia (a, b) and lipoid pneumonia (c, d), respectively. In the axial (a) and sagittal (b) images, a decumbent consolidation in the left lower lobe, associated with centrilobular micronodules and tree-in-bud opacities in the same lobe and in dorsal regions of the left upper lobe, is presented in a recumbent patient with recent tracheostomy. Note the left parapneumonic pleural effusion, which is an uncommon finding in COVID-19 pneumonia. In c, predominant peribronchovascular consolidations associated with mild *crazy paving* in the lower lobes and lingula, are shown in a patient with chronic use of vaseline. Note, in the mediastinal window image (d), the low attenuation values within consolidations, indicative of fat content (-40 HU). Distribution and attenuation of consolidations allowed an easy rule out of COVID-19 pneumonia.Fig. 15

In case of aspiration of lipoid material, *exogenous lipoid pneumonia* can occur. Acute aspiration of large volumes of mineral oil (*fire-eater* pneumonia) \[[@bib0535]\] can have a clinical presentation similar to pneumonia, while chronic aspiration (animal fats, mineral or vegetable oils) is characterized by insidious symptoms \[[@bib0540]\]. HRCT depicts centrilobular GG opacities or multiple consolidations with a peribronchovascular distribution, mainly involving the lower lobes. Also, interlobular septal thickening and patchy multifocal areas of *crazy paving* pattern can be seen \[[@bib0525],[@bib0540]\]. Moreover, the presence of consolidations or mass-like opacities with attenuation values \<--10 HU (Hounsfied Unit) is diagnostic of lipoid pneumonia and can be seen in both the acute and chronic setting \[[@bib0525],[@bib0540]\] ([Fig. 15](#fig0075){ref-type="fig"}). Despite a typical peribronchovascular distribution of the abnormalities, in the absence of fat-containing masses, a definite exclusion of COVID-19 pneumonia is not always possible based on imaging features alone.

*Diffuse alveolar haemorrhage* (DAH) is another potential clinical entity which we could face in the epidemic phase of SARS-CoV2. DAH is associated with pulmonary vasculitis or connective tissue diseases among the others; haemoptysis is usually, but not always, present. CXR shows diffuse alveolar opacities, usually in the mid-zone lungs with subpleural and apical sparing, along the bronchovascular bundles. At HRCT, bilateral peribronchovascular GG opacities and smooth septal thickening are visible, with possible coexistent *crazy paving,* ill-defined centrilobular nodules and consolidations, in case of complete alveolar filling by blood \[[@bib0545]\] ([Fig. 16](#fig0080){ref-type="fig"} ). The peribronchovascular distribution makes the diagnosis of COVID-19 pneumonia less likely.Fig. 1662-year-old female affected by granulomatosis with polyangiitis (GPA) and chronic renal failure (note the ultrafiltration catheter on the right) admitted to the emergency department because of progressive shortness of breath over the last few days. Haemoptysis was not reported. AP chest X-ray (CXR) (a) demonstrates bilateral ill-defined opacities (more diffuse on the right), with peribronchovascular distribution and sparing of subpleural regions, apices and bases. Coronal HRCT image (b) shows bilateral confluent consolidations with the same distribution, associated with GG opacities, ill-defined centrilobular nodules and few septal thickening. On the basis of clinical data and radiological pattern, a diagnosis of diffuse alveolar haemorrhage was made. RT-PCR essay resulted negative for SARS-CoV-2.Fig. 16

In the clinical practice, the differential diagnosis between COVID-19 vs non−COVID-19 patients on HRCT remains a critical task due to the overlap of imaging findings. A recently published study demonstrated that use of a simple scoring system based on seven common HRCT features (posterior part/lower lobe predilection, bilateral involvement, rounded GGO, subpleural bandlike GGO, *crazy paving* pattern, peripheral distribution, and GGO +/− consolidation) and four uncommon ones (single lobe involvement, central distribution, tree- in-bud pattern, and bronchial wall thickening) might be of help in categorizing symptomatic patients as COVID- 19 vs non−COVID-19. A high specificity (95.35 %) was achieved with a score greater than 4 \[[@bib0550]\].

However, it should be noted that imaging findings cannot provide a definite diagnosis alone and that the association with clinical and microbiological data, in a multidisciplinary context, is determinant for an accurate and rapid identification of COVID-19 positive cases.

7. Conclusions {#sec0035}
==============

Due to the pandemic spread of SARS-CoV-2 infection, it is essential to be familiar with common and uncommon imaging findings of COVID-19 pneumonia and their evolution over time on CXR and HRCT. CXR might be used as first-line imaging modality in the areas with high levels of contagion as well as in the serial evaluation of hospitalized and critically ill patients. On the other hand, HRCT shows a low specificity in areas with low prevalence of disease, and it should be considered the modality of choice in assessing differential diagnosis with other infectious and non- infectious lung diseases and in managing patients with pre-existing lung disease. The awareness of relationship between imaging findings and underlying pathogenesis helps radiologists to increase the level of confidence in diagnosing the disease at its first presentation, as well as in recognizing possible complications and differential diagnosis.
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[^1]: CXR: chest X-ray; HRCT: high- resolution computed tomography; GG: ground glass.
